Although numbers are conventionally considered to symbolize a mathematical set or object, they can have properties that affect spatial cognition. These numberspace properties are clearly exemplified by the spatialnumerical association of response codes (SNARC) effect. In a classic demonstration of this effect, Dehaene, Bos sini, and Giraux (1993) presented numbers between 0 and 9 and asked participants to make parity judgments (odd vs. even), using the left and right hands. Despite the fact that the magnitude of the number was irrelevant to the task, left-and right-hand responses were faster to lower (e.g., 1 or 2) or higher (e.g., 8 or 9) numbers, respectively.
suggests that the asymmetry arises later during response selection.
Support for the attentional shift model has been reported by Fischer, Castel, Dodd, and Pratt (2003) . Digits (1, 2, 8, or 9) were presented centrally, and after a stimulus onset asynchrony lasting between 50 and 1,000 msec, a target appeared to the left or right of a central cross. Participants made speeded responses to the onset of the targets, using a single buttonpress with the preferred hand. Despite the fact that the numbers were unrelated to target location, responses were faster to targets on the left or right when they were preceded by low (1 or 2) or high (8 or 9) numbers, respectively. Fischer et al. reasoned that this effect could not be attributed to asymmetries in response selection, because all the trials required the same simple reaction time response. Ristic, Wright, and Kingstone (2006) and Galfano, Rusconi, and Umiltà (2006) have both replicated the effect reported by Fischer et al. and demonstrated that the attentional asymmetry is driven by top-down, nonobligatory shifts in attention. Shifts in attention were also implicated in a temporal order task by Casarotti, Michielin, Zorzi, and Umiltà (2007) . They found that the presentation of relatively low numbers caused events on the left side of a display to appear earlier than those on the right The mental representation of numbers along a line oriented left to right affects spatial cognition, facilitating responses in the ipsilateral hemispace (the spatial-numerical association of response codes [SNARC] effect). We investigated whether the number/space association is the result of an attentional shift or response selection. Previous research has often introduced covert left/right response cues by presenting targets to the left or the right. The present study avoided left/right cues by requiring forced choice upper/lower luminance discriminations to two mirror-reversed luminance gradients (the grayscale task). The grayscale stimuli were overlaid with strings of (1) low numbers, (2) high numbers, and (3) nonnumerical characters. In Experiment 1, 20 dextrals judged the number's magnitude and then indicated whether the upper/lower grayscale was darker. Results showed leftward and rightward attentional biases for low and high numbers, respectively. Demands to process numbers along a left/right line were made less explicit in Experiment 2 (N 18 dextrals), using (1) a parity judgment and (2) arbitrary linguistic labels for top/bottom. Once again, a spatial congruency effect was observed. Because the response (up/down) was orthogonal to the dimension of interest (left/right), the effect of number cannot be attributed to late-stage response congruencies. This study required unspeeded responses to stimuli presented in free vision, whereas other experiments have used speeded responses. Understanding the time course of numberspace effects may, therefore, be important to the debate associated with response selection. reversed luminance gradients (the grayscale task), which were placed in the center of the screen, one above the other. The grayscale task is highly sensitive to lateral biases in attention (Nicholls, Bradshaw, & Mattingley, 1999) . Patients with left neglect bias their discrimination toward the stimulus with the salient feature on the right (Mattingley et al., 2004) . Thus, when asked to determine which stimulus is darker overall, neglect patients will select the stimulus that is dark on the right. In contrast to patients with left neglect, the general population shows a bias toward selecting the stimulus with the salient feature on the left (Nicholls et al., 1999) . This leftward bias is thought to reflect the operation of pseudoneglect, an attentional bias that increases the salience of the leftward features of an object (Bowers & Heilman, 1980; Jewell & McCourt, 2000; McCourt & Jewell, 1999) . The influence of number magnitude on space was examined by overlaying the grayscale stimuli with three different strings of characters, composed of (1) low numbers, (2) high numbers, and (3) neutral symbols (see Figure 1) . To ensure that the number's magnitude was activated, participants made judgments of relative magnitude by stating whether the characters were (1) lower than five, (2) higher than five, or (3) neutral.
In some respects, the grayscale task is analogous to line bisection tasks in which the lines were composed of digits (Fischer, 2001) or number words (Calabria & Rossetti, 2005) . Both of these studies showed that for lines composed of small numbers, bisections were shifted to the left. Although the studies did show an effect of number magnitude, the act of physically bisecting the line introduced a motor component that could be oriented to the left or right. Calabria and Rossetti therefore noted: "The present data cannot explain whether numbers affect performance at a sensory, representational or motor level because any of these three components may be affected by our simple task" (p. 782). The present study is ideally suited to addressing this issue, because the task required participants to state whether the upper or the lower grayscale stimulus was darker overall. The verbal response of "upper" and "lower" had no motor or representational (although see Experiment 2) component that was directly related to the dimension of interest (left/right). As a result, there could be no congruency effect related to the representation of the mental number line and the response. If the association between numerical magnitude and space was driven by shifts of attention that were independent of response selection, overlays containing low and high numbers should cause leftward and rightward biases for the grayscale task, respectively. In line with the pseudoneglect literature, which proposes a consistent, but subtle, leftward bias (McCourt, 2001 ), a moderate leftward bias was anticipated for the neutral stimuli.
Method
Participants. Twenty students (16 females, 4 males) between 18 and 27 years of age (M 22.14 years) from the University of Melbourne participated in this experiment. The participants were righthanded (Oldfield, 1971) and had normal or corrected-to-normal vision.
side (and vice versa for high numbers). The results demonstrate that numbers cause a shift of attention to the side of space ipsilateral to the number's position on the mental number line. The fact that this shift occurred for vocal responses that had no spatial component suggests that the association occurs without response conflict.
Support for the response selection model has come from a variety of sources. Keus and Schwarz (2005) tested the comparative importance of attentional and response processes by changing the relative position of the stimuli (affecting perception) and the position of the effectors (affecting response selection). Manipulations of the congruency of the stimuli in relation to the mental number line produced no SNARC effect, whereas manipulation of the congruency of the effectors produced a typical SNARC effect. Keus and Schwarz therefore concluded that the SNARC effect occurred during response selection. Psychophysiological research supports this conclusion. For a parity judgment task, Keus, Jenks, and Schwarz (2005) found that stimulus-locked event-related potentials (ERPs) showed a weak effect of SNARC, whereas response-locked ERPs showed a strong SNARC effect. The response selection model is also supported by a body of research comparing the SNARC effect with the Simon effect (Gevers, Lammertyn, Notebaert, Verguts, & Fias, 2006; but see Mapelli, Rusconi, & Umiltà, 2003) , although Gevers et al. (2006) did note differences in the time course of the two effects.
The attentional shift and response selection models need not be mutually exclusive; in fact, it is possible that both could operate during numerical processing. The following question remains, however: Is it possible to observe numerical/spatial congruency effects in the absence of response competition? The data pertaining to this issue are equivocal. Indeed, it is possible that studies that purport to show that numerical/spatial association is independent of response selection still encourage participants to code left and right covertly. For example, Fischer et al. (2003) presented targets to the left and right, to which a speeded response was required. Although the responses were not lateralized, the arrangement of the stimuli may have encouraged a coding of the left and right targets as left and right responses, respectively (see Kennett, Martin, Spence, & Driver, 2001) . Similarly, the left/right appearance of temporal stimuli in the study by Casarotti et al. (2007) may have covertly encouraged left/right coding of the stimuli. It should be noted, however, that overt coding of left and right by presenting the stimuli to the left or right of center does not necessarily entail a SNARC effect (see Keus & Schwarz, 2005) . In the present study, we used a novel design in which the stimuli were symmetrical and the response dimension was orthogonal to the dimension of interest. Therefore, if we observe an effect of number magnitude, it must reflect a lateralized shift in attention.
EXPERIMENT 1
The primary task required a forced choice, twoalternative luminance discrimination between two mirror-
